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Abstract—Technology trend study is crucial to new product
development. In the past decade, smartphones were star
products. However, a ceiling effect emerged in the field of
smartphone industry. A new generation of smartphone is
similar to the previous generation. It has become an urgent task
to analyze the technology trend of smartphone industry, thus
finding development direction in the future. The patent data are
retrieved in the emerging patent database. Based on valid
patents, the technology trend is analyzed by hierarchical
clustering analysis. The result of time series analysis shows that
low power design of smartphones went through the germination
period, outbreak period, and rapid growth period, and is in the
sustainable growth period at present. In the foreseeable future,
low power design will still be in the sustainable growth period.
Thus, low power design could be one of the important directions
for smartphone industry.

Index Terms—Clustering analysis, technology trend, time
series, valid patent.

. INTRODUCTION

Technology trend study has been increasingly important in
new product development. The capability of keeping ahead
of new technologies and monitoring technology trend is of
great importance. Smartphones are getting more and more
sophisticated in the past decade. However, in recent years, a

ceiling effect has emerged in the field of smartphone industry.

A new generation of smartphones is very similar to the
previous generation products. What is the development
direction in the future? Smartphones emerged around 2000.
Smartphones sales worldwide have been steadily growing
from 2008 [1]. According to the International Data
Corporation, worldwide smartphone shipments declined
0.5% in 2017. The market has experienced a first persistent
decline since the introduction of what we now know as
smartphones [2]. Smartphones become more functional but
the duration is still a short board. It is difficult to meet the
needs of consumers. Hence, it is necessary to study the
development direction for smartphone industry.

With the rapid development of innovative applications for
smartphones, low power design has become one of the most
important technologies. More innovative applications have
appeared, including programs and applications [3]. Real-time
location-based tracking applications require continuous GPS
calculations and transmissions, which consume a
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considerable amount of the phone’s battery [4]. The growing
popularity of mobile internet services, characterized by
heavy network transmission, intensive computation, and an
always-on display, poses a great challenge to the battery
lifetime of mobile devices [5]. Location based services have
rapidly developed as important added features, but one of the
challenges is mobile power consumption [6].

Advances in low power design have not kept pace with
rapidly growing energy demands [7]. From stock tickers to
citywide social games, these devices promise to offer support
for a large spectrum of applications [8]. Most smartphones
use rechargeable electrochemical batteries, typically,
lithium-ion batteries, as their portable energy source. These
fully charged batteries can run on this charge for only a few
hours. Therefore, the power consumption has emerged as the
key issue of the energy management for portables [9].
Spectacular advances in hardware and software technologies
have resulted in powerful mobile devices. However, the rapid
evolution in hardware and software capabilities has not been
paralleled a similar advance in battery technology [10].
Therefore, the issue of managing power consumption in
multicore smartphones is of paramount importance [11].

As the strategic importance of understanding changes in
technology for successful business of most firms’ increases,
the ability to analyze and monitor the current stage and
history of technology is reckoned as a critical asset for
gaining competitive advantage and promising niches [12].
Among the numerous technology-forecasting indicators,
patent is a mature and objective indicator [13]. Patent
information records problems and solutions of specific
technical fields. Patent analysis is an effective tool for
researching the trend of technology development. Prediction
of benefits from investment in a new technology is of great
interest [14]. Forecasting the future technology is important
for the decision makers. Patent data are used to predict
technology trend when analyzing technology life cycle,
diffusion potential, and technology scope [15].

The International Patent Classification (IPC) is an
internationally recognized patent classification system,
which can reflect the technology field of patents. The
convergence process of technology fusion toward the launch
of new products is analyzed by IPC co-occurrence based on
cutting-edge technologies [16]. IPC codes from the patent
documents of a target technology are used to construct an
emerging technology-forecasting model, which combines
statistical inference and neural networks for new patent
information analysis [17]. The number of IPC codes
represents how many fields are involved in the development
of a technology, which can be an indicator to estimate the
future development of one technology and make decisions
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whether to invest in it or not [18].

Patent documents contain important research results that
are valuable to industry, business, law, and policy-making
communities [19]. Patent text-based technology evolution
analysis refers to the use of patent text, through manual
reading or text mining technology to carry out technology
evolution analysis. The technological S-curve is predicted by
integrating bibliometric and patent analysis into the logistic
growth curve model based on co-word analysis [20]. Patent
documents are ample source of technical and commercial
knowledge and, thus, a network-based analysis is proposed to
provide richer information and enable deeper analysis since it
considers more keywords and produces more indexes. These
visuals and indexes can be used to analyze up-to-date trends
of high technologies and identify promising avenues for new
product development [21]. A data-mining approach is
proposed by weighted association rule based on algorithms
for the analysis of relationships among different technologies,
which may result in technology maximizing profits [22].
Smartphones become more and more functional, but the
duration of smartphones is still a short board. Will low power
design be a direction for smartphones in the future?

Il. METHODOLOGY

A. Research Design

This study aims to study the technology trend for
smartphone industry based on valid patents. On this basis,
hierarchical clustering analysis is employed to classify the
technology trend. To analyze the technology trend
quantitatively, appropriate quantitative index will be selected.
Patent application and grant indexes are used frequently in
existing studies. However, a patent has a certain life span,
and the invalidation of a patent is often ignored. The longer
the patent is maintained, the higher the patent value is [23].
Patents with large patents family have a relatively long
duration and a great role in sustained innovation [24]. To
assess the factors affecting the duration of a pharmaceutical
patent, it is necessary to analyze the published patent
information data and market information [25]. The degree of
commercialization of patented technology is very important
for patent maintenance decisions [26]. The value of patents
granted by the European Patent Office is much higher than
that of patents granted by its member states, and the duration
of patents granted by the European Patent Office is
correspondingly longer [27].

After being granted by the state department, a patent
becomes valid. Afterwards, there are many influence factors,
such as abandonment of rights, invalidation and expiration of
protection period, which lead to the invalidation of a patent.
Due to invalid patents, there are great differences between
valid patents and patent application and grant. Therefore,
valid patents are selected as the quantitative index. Valid
patents not only reflect the life span of patents, but also
reflect patent stock, which can quantitatively research the
technology trend. However, the number of valid patents
cannot be obtained directly from the patent database. It is
necessary to rely on existing patent information to construct a
quantitative method to calculate the number of valid patents.
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With the development of patent databases in recent years, it is
possible to calculate the number of valid patents efficiently.
Therefore, based on the emerging patent databases and
patent analysis tools in recent years, valid patents are taken as
a breakthrough for the research. By analyzing and calculating
massive patents, the quantitative method of calculating the
number of valid patents is constructed. On this basis,
hierarchical clustering analysis is employed to classify the
technology trend. Based on the time series data, the
technology trend is classified into different periods. In
addition, the features and differences of each period are
analyzed, which reveals dynamic technology trend.

B. Measurement Index

To analyze the technology trend quantitatively, the
quantitative index of patents needs to be selected. A patent
has a certain life span that begins from the grant day to the
invalidation day. A valid patent is a patent for the
maintenance of the patent right. Patent rights are maintained
by paying annual fees until the patent expired. The patentee
filed a patent application and became a valid patent after
being granted by the state department. Since then, valid
patent expired due to various reasons, such as giving up
rights, declaration of avoidance, and expiration of the
protection period. Therefore, it is necessary to construct the
quantitative method to calculate the number of valid patents
to analyze the time series data.

However, the number of valid patents cannot be obtained
directly from the patent database. It is necessary to rely on
existing patent information and patent analysis tools. The
number of valid patents is dynamically changing, patent
grant increases valid patents, invalid patents reduce valid
patents, and calculating their difference is the number of
valid patents. In the patent documents of each country, the
information related to valid patents can be extracted, such as
the grant date and the legal status. The legal status is the legal
information disclosed in the patent gazette, including the
grant day, invalidation day, and termination of patent rights,
and so on.

t
P=>(G-E) )
i=1

In this formula, P is the number of valid patents in year t,
G; is the number of patent grant in year i, E; is the number of
invalid patents in year i, and t is the number of years from the
start year to year t. Firstly, relying on the emerging patent
analysis system, set search terms such as keywords, IPC, and
grant date, and obtain patent grant data. Then, extract grant
date and invalidation date of above-mentioned patents
through the legal status, and calculate the number of invalid
patents. Finally, according to the above formula, the
difference between the number of patent grants and invalid
patents over the past years is calculated and the number of
valid patents is obtained.

C. Trend Research Method

Based on the above analysis, the number of valid patents is
affected by the number of patent grants and invalid patents.
According to the dynamic changes in the number of valid
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patents, the technology trend is a dynamic development
process. Therefore, in order to reveal the dynamic
development process of technology trend, it can be classified
into different periods by valid patents quantitatively, and
characteristics and differences between each period are
analyzed. Then the development process of the technology
trend is cleared to provide the management support.

In order to research the technology trend, the scientific
method should be employed to classify the trend based on
valid patents. The equalization method was used to classify
patent applications of solar technology into four periods, and
its evolution was analyzed [28]. This qualitative method has
loose requirements for data analysis, and results are
influenced by subjective factors easily. Word frequency
analysis combines with patent applications to generate a
patent network reflecting the evolution of technology [29].
However, this method requires strict data and the calculation
process is complex. Therefore, hierarchical clustering
analysis is employed to classify the technology trend. It is a
quantitative analysis method, which can avoid the complex
data processing.

Hierarchical clustering analysis is an objective method to
process the classification of indicators. The samples are
clustered based on the similarity and the relation. It was used
to analyze features of subjects in patent litigations, and the
classification of subjects was divided. At the same time, itis a
common method to study the time series clustering [30]. It
needs to select relevant data of the research object as
clustering indicators, and the above time series data can
provide basic data. As a common method, hierarchical
clustering analysis is helpful to reduce the interference of
subjective judgments on sample classification.

The technology trend can be classified by hierarchical
clustering analysis. Using patent data as samples, the
technology trend is classified by the similarity and the
relation between samples. Firstly, appropriate clustering
indicators are selected. Secondly, indicators data are
imported into the computer system, and the closest samples
are clustered into a small class based on the similarity and the
relation between samples. Then, compared the similarity and
the relation between other samples and the small class, the
closest samples are clustered into a class. Finally, clustering
process is end, and a tree diagram can be selected as the result
form for objective analysis of clustering results.

The selection of appropriate clustering indicators is the key
process of hierarchical clustering analysis. Firstly, the
technology trend is a dynamic process, and its development
status is different in each year. Therefore, the year data are
determined as a cluster sample. Then, the number of valid
patents is selected as the clustering indicator, because it can
directly reflect the development trend of technology. Finally,
the growth rate of valid patents is determined as the
clustering indicator, because the growth rate can reflect the
changing state of the number of valid patents. Based on the
above analysis, the number of valid patents, its growth rate,
and years are selected as clustering indicators. The
technology trend can be classified to different periods, and
the features and differences of each period are analyzed,
which reveals the dynamic evolution of the technology.
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I1l. TECHNOLOGY TREND RESEARCH

A. Data Mining

Smartphones are becoming more and more sophisticated
but a ceiling effect has emerged in recent years. It is
necessary to study which direction will be developed for
smartphone industry. With the rapid development of
innovative applications for smartphones, low power design
becomes one of the important technologies. Will low power
design be a direction for smartphone industry in the future? It
is necessary to study on low power design by patent
documents, to provide decision support for new product
development.

TABLE I: CALCULATION TABLE OF VALID PATENTS

Year Pa_ten_t Patent Invalid Valid
application grant patent patent
1985 4 0 0 0
1986 6 0 0
1987 4 0 0 0
1988 4 1 0 1
1989 8 1 0 2
1990 12 8 0 10
1991 2 6 1 15
1992 15 9 1 23
1993 41 1 3 21
1994 85 10 0 31
1995 169 1 35
1996 203 7 1 41
1997 350 9 4 46
1998 375 7 3 50
1999 460 15 4 61
2000 637 27 5 83
2001 823 73 4 152
2002 1054 212 7 357
2003 1589 455 16 796
2004 1449 641 28 1409
2005 1854 531 63 1877
2006 2922 692 56 2513
2007 3028 673 108 3078
2008 2914 952 152 3878
2009 2813 1267 178 4967
2010 3304 966 184 5749
2011 3724 1366 276 6839
2012 4250 1799 237 8401
2013 4296 1531 340 9592
2014 3879 1368 400 10560
2015 4468 2000 604 11956
2016 4976 2707 699 13964
2017 4788 2557 826 15695
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As a portable terminal, smartphones rely entirely on
batteries to supply power. With the increasing function of
smartphones, their power consumption is also increasing.
Therefore, it is necessary to prolong standby time and using
time of smartphones. There are two solutions to this problem.
One is to equip mobile phone batteries with larger capacity,
the other is to improve the system design and adopt advanced
technology to reduce the power consumption of mobile
phones. We need to start with the overall design of
smartphones and adopt advanced technology and devices to
reduce power consumption, to prolong standby time and
using time of smartphones as long as possible. Through
reading and analyzing the related literature of low power
design technology of smartphones, the key words mainly
include battery, low power, and energy reduce.

In recent years, new and emerging patent analysis system
provides the possibility for analyzing patent accurately and
quickly. As a new patent analysis system, Patsnap not only
integrate patents of the patent office database around the
world, but also has the function of statistical analysis and
trend analysis. Due to the update delay of patents data, the
deadline of patent grant date is set at December 31, 2017. The
grant data of invention patent are retrieved. The data are
formed the basis data to calculate the number of valid patents.
The last updated date of the legal status is used to determine
the time of the invalidation of patents and then calculate the
number of invalid patents. Based on the above formula, the
number of valid patents is calculated by the number of patent
grant and invalid patents over the years in Table I.

The analysis of time series data shows that the number of
patent applications and grants of Chinese low power design is
increasing. In 1985, the patent system was implemented in
China, and then patent applications of low power design
began to appear. From 1988, the patent applications began to
be granted, since then, the number of patent applications and
grants maintain a growing trend. However, from 2006 to
2017, the number of patent applications and grants appeared
significant fluctuations. The validity of patents is affected by
many factors after patent grant. These factors will lead to the
invalidation of patents. From 1991, invalid patents began to
appear, and since then, the number of invalid patents of low
power design showed an increasing trend.

B. Measurement Analysis

The time series data show that there is a growing trend in
the number of valid patents on Chinese low power design
technology from the overall point of view. The number of
valid patents has lagged behind patent applications since
1988. After years of accumulation, the number of valid
patents exceeded 100 for the first time in 2001, and then
followed by rapid growth in the following years. It is the first

time that the number of valid patents exceeded 10000 in 2014.

However, with the increasing of patent grants, the number of
invalid patents also increased. Because of the common
influence of patent grants and invalid patents, the growth rate
of valid patents of low power design slowed down from
2002.

Fig. 1 displays that the number of patent grants are subject
to greater volatility, but the number of valid patents shows a
modest trend. There were little valid patents in the early
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period, and then it began to grow rapidly. The number of
valid patents reflects the lack of low power design patents in
the early phase, which experienced a process of rapid growth
at first and then gradually slowing down the growth rate.
Compared with patent applications and grants, the number of
valid patents reflects the stock of patents and the
development trend more objectively, which shows the
rationality of selecting valid patents as the measurement
index at the realistic level. The number of valid patents can
show the development trend, but it cannot reveal the
evolution and the features of each evolutionary period.
Therefore, it is necessary to analyze the evolution of low
power design by valid patents.
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Fig. 1. Time series data.
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C. Trend Analysis

In order to study the evolution of the technology, the time
series data need to be clustered by hierarchical clustering
analysis, which can avoid being influenced by subjective
factors as far as possible. The relevant data need to be
selected as clustering indicators. According to the above
analysis, the time series data of valid patents are taken as the
clustering indicators, which include the number of valid
patents and its growth rate. Then the above relevant data of
the clustering indicators are imported into SPSS 19.0 and the
system began to hierarchical clustering analysis. The SPSS
system formed a tree diagram by hierarchical clustering
analysis. Finally, classification distance is selected in the tree
diagram to divide the technology trend of low power design
in China into different periods.

In the tree diagram, the period classification is conducted
by selecting the classification distance. If the classification
distance is too long then the period classification will be too
little, thus, it is hard to carry out the following research. On
the contrary, if the classification distance is too short, the
period classification will be too much, then losing the
meaning of classification. Hence, the classification distance
is set to 3 shown in Fig. 2. The technology trend is classified
into four periods, 1988-2005 for period I, 2006-2011 for
period 11, 2012-2015 for period 111, and 2016-2017 for period
IV. Thus, the above periods have significant differences, and
the indicators data in the same period has a strong cohesion,
which achieved the purpose of quantitative period
classification.
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Fig. 2. Tree diagram for hierarchical clustering analysis.

The above clustering analysis shows that the technology
trend of low power design has experienced four periods and
each period presents different features, which are shown in
Fig. 3. Period | is the germination period, in which the
number of valid patents is small. However, after a prolonged
period development, the number of valid patents increases
from 1 in 1988 to 1877 in 2005. The second period is the
outbreak period. Although the number of valid patents is still
small, but the average growth rate of valid patents is 22.2%,
which shows the explosive growth trend.
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10000
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4000

2000

Fig. 3. Evolutionary periods.

After the development of period | and period Il, the
number of valid patents has accumulated, and the technology
trend of low power design enters a new period. Period 111 is
the rapid growth period. The number of valid patents remains
at a prominent level. Period IV is the sustainable growth
period. The number of valid patents exceeds 15000 in 2017.
At the same time, the growth rate of valid patents in this
period remains at 12.4%. It is necessary to mine the potential
space deeply for technology development, carry out new
product development and file patent applications.
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IV. CONCLUSIONS

Technology trend is analyzed quantitatively based on valid
patents. The measurement index of technology trend is
developed based on valid patents. Hierarchical clustering
analysis is employed to classify the technology trend. The
methods are employed to measure the technology trend and
analyze the trend with the data of long-term time series. The
trend of low power design is analyzed quantitatively. The
result of time series analysis shows that low power design
went through the germination period, outbreak period, and
rapid growth period, and is in the sustainable growth period
at present. Thus, low power design could be one of the
important directions for smartphone industry.
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